showed that there is an inorease in the nucleic acid content of washed suspensions of Staphylococcus aureus (Micrococcu4s pyogenes var. aureus) when these are incubated in the presence of glucose, purines, pyrimidines and a mixture of all those amino acids necessary for protein synthesis. Omission of an essential amino acid resulted in cessation of nucleic acid synthesis. In the presence of the amino acid mixture, protein synthesis also occurred; the addition of a growthlimiting concentration of chloramphenicol gave rise to complete inhibition of protein synthesis but stimulated formation of ribonucleic acid (RNA). A number of investigations with amino acidrequiring mutants has since confirmed that nucleic acid synthesis in bacteria will take place only if all the amino acids required for protein synthesis are either present in the medium or can be synthesized by the organism (Borek, Ryan & Rickenbach, 1955; Gros & Gros, 1956; Pardee & Prestidge, 1956 ). Pardee, Paigen & Prestidge (1957) and Neidhardt & Gros (1957) have confirmed that RNA synthesis will occur in the presence of chloramphenicol but have shown that the RNA formed under these conditions differs from 'normal' RNA in electrophoretic mobility, molecular weight and stability.
Previous papers of this series (Gale & Folkes, 1955 have shown that removal of nucleic acid from disrupted staphylococcal cells markedly reduces the ability of the preparation to incorporate amino acids and that this ability can be restored by the addition to the incubation medium of deoxyribonucleic acid (DNA), RNA or an 'incorporation factor' prepared from digests of nucleic acid. The present communication describes the conditions necessary for the incorporation of labelled purines into the nucleic acid fraction of disrupted cells, and the role of nucleic acids and the incorporation factor in such processes.
METHODS
The methods for the growth, harvesting and disruption of Staphylococcus aureus strain Duncan, and the depletion of nucleic acid in the disrupted-cell fraction, have been described by Gale & Folkes (1955 . Incubation mixture8. Except where otherwise stated, incubations were carried out at 370 in stationary 15 ml. centrifuge tubes as described by Gale & Folkes (1955) . In addition to 1-5 ml. of buffered saline, 4 mg. of adenosine triphosphate (ATP) and hexose diphosphate _ 30 mg. of neutral barium salt, the incubation medium contained 0-1 ml. of the amino acid mixture A, 0O1 ml. of a purinepyrimidine mixture (PP) containing 1 mg. each of guanine, uracil and thymine/ml., 0-1 ml. of ribose (1 mg./ml.) and water to a final volume of 3 ml. An appropriate amount of either [8-14C] adenine (specific activity 9-7 mi/m-mole) or [8-1"C]guanine (specific activity 3-3 mc/m-mole) was added; with the latter, guanine was omitted from the PP mixture. The counting equipment used throughout this work was calibrated against the adenine preparation: 1 f1m-mole gave 1320 counts/min. Nucleic acids. Nucleic acid was prepared from disintegrated S. aureus by the method of Jones (1953) and fractionated into DNA and RNA as previously described (Dutta, Jones & Stacey, 1953; Gale & Folkes, 1955) .
Incorporation factor. The preparation used in the work described below was obtained from Bacillu8 megaterium nucleic acid as described by Gale & Folkes (1958 Radioautography. To determine the distribution of radio.
activity amongst the components of nucleic acid, the following procedure was adopted. The nucleic acid-protein fraction was precipitated after incubation by the addition of an equal volume of cold 10 % trichloroacetic acid and the precipitate washed as above; the washed precipitate was extracted for 15 min. at 90°with 5 % trichloroacetic acid, centrifuged down and the supernatant collected. The supernatant was extracted three times with an equal volume of ether to remove trichloroacetic acid and then freeze-dried. The dry material was taken up in 1 ml. of w-HCI and hydrolysed at 1050 for 1 hr. It was again freeze-dried, the material taken up in 10-20Zu. of water and spotted on to Whatman no. 1 paper. The chromatogram was developed in propan-2-ol-HCI solvent (Markham & Smith, 1952) Effect of nucleic acid depletion. Removal of nucleic acid from the disrupted-cell preparation (Gale & Folkes, 1955 results in a marked decrease in the rate of adenine or guanine incorporation; the rate may fall to 3 % of that in the unextracted preparation. Fig. 3 shows the effect on the rate of incorporation of [14C]adenine of adding staphylococcal nucleic acid to the incubation mixture. Fig. 4 shows that both RNA and DNA are effective in promoting the incorporation; their effects are nearly additive at suboptimum concentrations only.
The effect of nucleic acid in promoting the incorporation of amino acids can be reproduced if the nucleic acid is replaced by the 'incorporationfactor' preparation (Gale & Folkes, 1958) . In the same way incorporation factor can replace nucleic acid for the restoration of adenine or guanine incorporation in nucleic acid-depleted disrupted-cell preparations. Table 2 shows the extent to which nucleic acid can be replaced by 1 nucleic acid unit I958 (Gale & Folkes, 1958) amino acids are omitted or present in 'incomplete' mixtures in the medium; increasing the concentration of incorporation factor does not increase the degree of replacement. Table 2 shows also that the addition of chloramphenicol to a medium. containing amino acid mixture A, PP and ribose again renders incorporation factor incapable of replacing nucleic acid. In the experiment quoted in Table 2 , the basal rate of incorporation is less than 3 % of that obtained in the presence of added nucleic acid and it is under such conditions that chloramphenicol decreases the 0 0.5 1-0 1.5 2-0
Concn. of nucleic acid (mg./3 ml.) Fig. 4 . Stimulation of adenine incorporation in nucleic acid-depleted disrupted cells by RNA and DNA. Conditions were as for Fig. 3 effectiveness of incorporation factor; if the basal rate is 10 % or more of the rate in the presence of nucleic acid, then chloramphenicol has little or no effect on the replacement of nucleic acid by incorporation factor. It would appear that, under conditions of effective depletion, the addition of nucleic acid to the incubation medium supplies some component necessary for the incorporation of adenine in the presence of chloramphenicol, and that this component is not supplied by either the incubation medium or the incorporation-factor preparation. Nucleic acid preparations contain RNA and DNA and it has been shown above that some 12 % of the adenine incorporated under optimum conditions is found in the DNA fraction; repetition of these experiments in the presence of chloramphenicol shows that the proportion is reduced by 50 % (nine tests; mean reduction of count in DNA fraction = 50 %, range 35-70 %). When nucleic acid is partially removed from the disrupted cell and replaced by incorporation factor, the proportion of incorporated adenine in the DNA fraction is again reduced, as shown below, so that a combination of incorporation factor and chloramphenicol can result in insignificant incorporation into the DNA fraction.
Role of deoxyribonucleic acid. Although considerable error is involved in the estimation of counts incorporated into the DNA fraction, the results discussed above suggest that the disrupted cell is unable to synthesize DNA adequately in the presence of chloramphenicol. Fig. 4 shows that adenine incorporation in nucleic acid-depleted cells can be stimulated by the addition of DNA; this stimulation therefore can be used as a test for DNA synthesis. Table 3 shows the stimulation of adenine incorporation in a partially depleted disrupted-cell preparation by addition of DNA, RNA and digests thereof prepared by incubation with the appropriate nucleases. It can be seen that digestion of RNA has little or no effect upon its ability to stimulate adenine incorporation in the presence or absence of chloramphenicol. On the other hand, digestion of DNA decreases its ability to stimulate adenine incorporation and the digest is markedly less effective in the presence of chloramphenicol. These results are in accord with the suggestion that DNA plays a role in adenine incorporation and that synthesis of active DNA is inhibited by chloramphenicol. Table 4 shows the effect of DNA and incorporation factor on the incorporation of adenine in a highly depleted disrupted-cell preparation incubated in the presence and absence of chloramphenicol. In this case, 1 unit of incorporation factor gave 70 % replacement of the stimulation produced by nucleic acid, and in the presence of chloramphenicol this replacement was reduced to 39 %. The presence of a small amount of added DNA gave little stimulation of incorporation, although a significant proportion of this incorporation was located in the DNA fraction; the addition of DNA and incorporation factor together gave a marked stimulation of incorporation, greater than the sum of the separate stimulations, and a significant in- corporation occurred in the DNA fraction. In the absence of chloramphenicol the effect of DNA and incorporation factor together was greater than that obtained with total nucleic acid; in the presence of the antibiotic, DNA + incorporation factor gave the same stimulation as total nucleic acid but there was no significant incorporation into the DNA fraction under these conditions. Attempts have been made to obtain more marked effects of the action of DNA on the response to incorporation factor by exposing cells to longer periods (30 min.) of supersonic vibration and longer incubation (2 hr.) with deoxyribonuclease, but the resulting preparations have had very low activities which were not significantly stimulated by incorporation factor with or without DNA.
Inhibitors of incorporation of purine. Table 5 shows the action of certain inhibitors on the incorporation of adenine or guanine. The substances tested include many found to be inhibitors of incorporation of glycine (Gale & Folkes, 1957) and results with glycine incorporation under condition 2 are included for comparison. In general the substances tested seem to have significantly the same action on the incorporation of adenine, guanine or glycine. Table 4 . Effect of incorporation factor and deoryribonucleic acid on adenine incorporation in nucleic acid-depleted di8rupted-cell preparation in the presence and the absence of chloramphenicol Highly depleted disrupted-cell preparation was incubated for 90 min. at 370 in buffered saline containing ATP, hexose diphosphate, amino acid mixture A, purine and pyrimidine mixture PP and [8-14C]adenine as in Table 1 . Total nucleic acid (1 mg.), DNA (0 1 mg.), incorporation factor (1 unit) and chloramphenicol (100lAg.) were added/3 ml. as shown below.
Adenine incorporation was estimated on the trichloroacetic acid precipitate and fractionated into DNA and RNA as described in the text, and expressed as counts/min./mg. dry wt. of cell preparation. +, Added; -, not added. 
Additions to incubation medium

DISCUSSION
The incorporation of adenine into the nucleic acid fraction of disrupted staphylococcal cells is reduced almost completely by removal of nucleic acid from the cell preparation. If the nucleic acid depletion is partial, adenine incorporation can be fully restored by addition of the 'incorporationfactor' preparation to the incubation mixture, but if the depletion is great, then the factor preparation is less effective but its action can be markedly stimulated by the further addition of DNA. If depletion is great so that DNA is reduced to a low level in the preparation, no DNA is added and its synthesis prevented by the presence of chloramphenicol, then incorporation factor is less efficient than total nucleic acid in promoting adenine incorporation, and incorporation takes place almost exclusively into the RNA fraction. These results are consistent with the suggestion that DNA plays a role in the synthesis of RNA. It also appears from Table 4 that the presence of DNA may be necessary for DNA synthesis but the experimental values are too small for this deduction to be made with any certainty.
The results described in this paper and the preceding one (Gale & Folkes, 1958) show that nucleic acid preparations contain a trace component possessing highly significant activities in amino acid-incorporation reactions and RNA synthesis. It is not yet possible to say whether this 'incorporation factor' forms a component of nucleic acid or whether it occurs as an impurity adsorbed on to the polynucleotide. Unfortunately it has not yet been possible to characterize the factor, although tests have established that it is not a conventional nucleotide or derivative thereof. In the absence of knowledge concerning its chemical nature, its function can only be discussed in experimental terms. Removal of nucleic acid from the disrupted staphylococcal cell preparation is followed by decrease in the following processes: (1) incorporation of amino acids under condition 1 or 2 (Gale & Folkes, 1955 ; (2) protein synthesis measured by increase in protein nitrogen or activity of catalase and fi-galactosidase; (3) nucleic acid synthesis. In no case has the removal of nucleic acid resulted in complete cessation of any of these processes but they have all been reduced by 98 % in ' good' experiments, and then been restored to the initial level by the addition of staphylococcal nucleic acid to the incubation mixture (except with fi-galactosidase, where purines and pyrimidines are necessary, Gale & Folkes, 1955) . The nucleic acid can be completely replaced by incorporation-factor preparation for the incorporation of a number of amino acids, and it is probable that other related factors are present in nucleic acid preparations, so that the whole activity of nucleic acid in this respect is attributable to such factors. The effect of nucleic acid on RNA synthesis can be replaced by the presence of incorporation factor and DNA. However, it has not been possible to demonstrate any effect of the factor on the development of catalase or ,B-galactosidase over and above its requirement for the synthesis of RNA or its presence in RNA. The number of enzymes whose synthesis can be studied satisfactorily in the disrupted staphylococcal cell is small, and the results obtained with catalase and P-galactosidase development may not be typical of the processes involved in protein synthesis in general. Nevertheless it is clear that the factor does not replace nucleic acid in these syntheses nor does it enhance the activity of suboptimum amounts of nucleic acid in promoting catalase development.
The requirement for amino acids in nucleic acid synthesis has led to the suggestion that proteins and nucleic acids arise from common intermediates (Ycas & Brawerman, 1957) . However, the syntheses of protein and nucleic acid can be dissociated by the presence of chloramphenicol (Gale & Folkes, 1953b; or 8-azaguanine (H. Chantrenne, in preparation; M. H. Richmond, in preparation), and it may be that they are in fact separate processes. In that case, the incorporation factor may be more concerned with nucleic acid synthesis and the role of amino acids in that synthesis than in protein synthesis itself. SUMMARY 1. A constant rate of incorporation of [14C] . adenine into the nucleic acid fraction occurs when disrupted staphylococcal cells are incubated in the presence of adenosine triphosphate, hexose diphosphate and a mixture of all the amino acids required for protein synthesis, ribose, guanine, thymine and uracil. The incorporation can be correlated with an increase in the nucleic acid content of the preparation. Approximately 12 % of the incorporated adenine is found in the deoxyribonucleic acid fraction.
2. Removal of nucleic acid from the disrupted cells results in a decrease of up to 98 % in the rate of adenine incorporation; the rate can be restored by addition of nucleic acid to the incubation mixture. 3. Nucleic acid can be replaced by the incorporation-factor preparation (Gale & Folkes, 1958) ; replacement is only complete if the full mixture of amino acids is present.
4. In disrupted cells highly depleted of nucleic acid, the incorporation factor is unable to replace nucleic acid completely if ¢hloramphenicol is also present in the medium.
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5. Under the experimental conditions used, chloramphenicol reduces the synthesis of deoxyribonucleic acid.
6. Deoxyribonucleic acid increases the activity of incorporation factor in promoting the incorporation of adenine into ribonucleic acid.
7. A number of inhibitors, including 8-hydroxyquinoline and derivatives of benzimidazole, inhibit the incorporation of adenine or guanine to the same extent as they inhibit the incorporation of glycine.
